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The obscrv~ci pulse .height spectrum (* , top cur-~e) , the

sp~crrum due to the contiruum of photons from the Ilonn (top
line), ●nd the n~t discrete iine gamma -rav pulsed height
spectrum (+) obtain~d with the Gamma -Rav Apollo Rcmoce Sensing
sp~c:romut?r during the AIIO11O 16 ❑ission ●nd the calculated
cor,tribu~ions (solid llnes) to this ●pccrum bv individual
Qlelmen[s in the ❑ oon The •n~rgy scale 1s 1~.3 keV/chann~l

Flg~!rr 2 shows the ●ctual gmma-rny puls~ height spectrum measured

in lunar orbit and the backfiround tots’.. The various ●ajor
backp,?ound components ● re ●lso

H
n lcated in Figurr 2, The ❑ajor

bwkurnund comporwnts shown ● re ‘ :
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Sources Al Wavs Pr e5t-nt

Potassium - *O

11?:’;o:”ium . . ,.
:!l(lriuml - .’J:

0,7 microruries EPS iind ECS Radititnrs
Thermal raint
I’.C)HElectrolvce-Pvro and
Rr-t+ntrv Batteries
M)]! Electrolyte-Fuel l-ells
M-type Bacterv in S!l
Mass Spectrometer Thermal
P:iin:
yilppin~ IIdmeria :.vns
(iuiddi!t.e S“:strm i{eiic Sink5

-vAn ‘..

(;wnma Rav Spectrometer
x.Rav spectrometer

Alpha P;tr:iclti Spertrom#~ter

!“ranlum .’18 0,1 rurie IAUIM.11 Escape Svntem Ballast
Plates
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Tricium .-.-6 .’ilr:+s i’or; able !.if.~ S\lppor:
Svstem

Promethium - l+: 21.3 curies Radio luminescent Discs in
Lunar Module

Promethium - 1A7 1).2 curies Self-Luminicus Switch ‘Tips
in IX

Potassium - 40 l,; microturies Two Batt~ries

In order to reduce :he Ijackground due to gamma-rav emission
from :he s;~iice~-raf:. :he Apollo gamma-rav detector svstems
were placed IIn booms and extended awav from the spacecraft.
The crittsr:~ used :0 determine boom length (Sin) on the Apollo
sparerraft wds to extend the detector awav from the spacecraft
such :tiac :!-ie solid angle subtended hv rhe boom and the
spacecraft !JV at most nne tenth of that subtended by the
surface of !he moon (at the dececLor). The spacecraft
Concrihucion due to rosrnic-ray inreraczion and natural
radioactivity for the lunar case was determined by measuring
the gamma-rav emission as a function of distance, at
intermedia~e and full exc~nsion of the boom during trans- lunar
fl ighc These ❑ easurements were repeated In lunar orbit and
che effects of the particle leakage from the lunar surface was
thus de~ermined.

a, Emissirins from materials surrounding the (Ietector.
Contributions from chm natural radioaccfvitv and Induced
accivltv frmm local mass were Inferr?d in the rase of the
Apo]lo m~asur~ments as a residual after all other components
were subtracted from (he pulse h~ight spectrum Great car~
was taken in construct ing the Apol 10 pymma-rav spect rometi”r t (1
reduc~ both narurallv radioactiv~ matwrials such i+s K-40 ill

Lhe ~lass (If phototuhes and other materials that might
slgniflcuntlv inLerfere wiLh the measurement of th~
characteristic surface g~a.rav emission spectrum. A more
rompreh~nstv- program of contro”l has been developed for thp
!lars ohs~rvvr Gmama Rav Spectromwtwr und will be disruss~ri
later



(e. g., trans-Mars, Mars orbit, solar flares) and the important
ac*ivaceci species have ran~es of half-lives from fractions of

seconds to many years. Interaction cross-sections and
detector response functions must be determined for all the
component nuclear species produced must be determined, and
calculational methods for predicting these background as a
function of time and nature of the incident flux must be
~weloped. Su h a calculation system was developed for the

Apollo program $ and is now being ●xtended for application to

the Ilars Observer Gamma Ray Spectrometer program. Accelerator
experiments in both Europe and the United States have been
performed to study activation in detector systems using such
detector materials as NaI, CSI, hpGe, and BGO. Further
studies will be carried out by the Mars Obsemer Gamma Ray
Spectrometer Flight Investigation Team at accelerators in
France and Switzerland. Emphasis will be placed on the
studies of high purity Ge and BGO. Spaceflight experiments
carried ouc on Apollo 17 and APO11O-SOYUZ Were used to verify
the calculation system. Resuits of the ●xpected response of a
NaI detector k earth orbit, and the activation due to cosmic
rays and the time dependence due to passing through the
trapped radi*tion belts (i.e., the South American Anomaly)g
are shown in Figure 3.

10*

IDI

Tlm~ dependent rxFectcd response of t Na(Tl) detectoi in Eatth
orbit due to activation by cosmic ray prlmsries and
secondaries ●nd to trapped radiation.



5) The cosmic gamma ray background. This component is consr-ant
in time and small relative to gamma ray emission fi-om a
planetary surface. Detailed measurements of this component

:;::;:;5:T8
our during the Ranger 3 and Apollo 15 and 16

The origin of this emission is still

unknown .
‘Ubseque”t ballOOnlf

nd satellite flights have
confirmed the Apollo results

6) Jovian elentron bremsstrahlung emission. High-energy
electrons interacting in the materials surrounding the
detector Froduce a bremsstrahlung X-ray/gamma-ray spectrum.
This is a continuum and is seen at all energies of interest in
remote gamma ray spectrometers. This flux varies with time
and space (i.e., in the solar system) and therefore becomes
rather difficult to predict unless simultaneous electron
measurements are made. This effect was first noticed as a
difference in magnitude between the total lunar spectra
measured for Apollo 15 and Apollo 16. This difference vas
traced to che change in ❑agnitude of the high-energy electron
flux n ar the Moon,

7
which is believed to be of Jovian

origin

III. BACKGROUND REDUCTION PROCRAM FOR THE MARS OBSERVER
GAIIUIRAY SPECTROMETER (GRS)

A ❑ ore detailed consideration of the program for the background
reduction for the Mars Obsener Gamma Ray Spectrometer will be
given below. All instruments on the Mars ~bsemer spacecraft are
subject to constraints in regard to ❑oney, ❑ass, power, and data
rates, thereby restricting their destgns. However, an equally
important constraint for the Mars ObLener GRS is that the
spacecraft , other instruments, and the GRS itself cause minimal
inzerfere with the planetary gamma rays and neutrons ot’ interest.
It ❑ ust be remembered that thp Apollo results were obtained with a

!4a1(Tl) detector while the Mars Obsemer utilizes a hpGe
detector. The Mars emission fqectr~ expected with a hpGe
detector 1s shown in FiKure 4 ‘. The improved spectral
resolution should allow us to obtain elemental analysis for more
elements as compared with the Apollo system, This in a sense t.hel~
further complicates the material control problem since we hope to
be able to ❑ easure the abundances of ❑any ❑ ore elements.
Secondly, the flars Observer GRS will be used to obtain global
elementel composition maps, thus spectra ❑ ust be determined over
small spatial surface elements. From the tixper!.ence obtained on
Apollo, it is predicted thnt nbuut one half hour of data
iacrumulation will he !~(luirwd ove- A Part i~ulnr surface elemerl[ ill
(Jr(ier t,) obtain erlou}’,tl !;tilt ist ic;ll ,l(,~.~jri~(-v r (l pet-form deta! 1(J(1
(,]emental analvs~s, If (IrI~ looks” .I[ (Jrbit.11 (.har~ict.erist!cs ;III(I

(.onstclers element s nraf the !larf I;irl ~.(~ilafor, fll~s will rrqilire
,lumming up data [Jver iit)o(i!;IN;irt i:lrl voflr (;~t)()~lt two F,ar[h



years) . Over this pzriod of time, the background contribution

will ch~nge. Furthermore, the Martian particle leakage spec:rurn

will vary as a function of spatial position in Mars orbit because
of chemical variation in surface composition. This is
particularly affected by ❑ajor changes in the hydrogen content
because of soil-to-ice compositional changes. Thus it is
important to minimize the background contributions where possible

and be able to predict the background variation with time and
orbital position.

10 L
00

Predicted Hars surface ●mission spectrum using a hpGe detector
of the ize being considered for the Mars Obse~er GRS
systeml~.

With these factors in mind we look at ?he Mars Observer GUS design
and the plans for controlling and for understal lng and predicting
the various background components.

A radiation su~ey of the Mars ObsPmer spacecraft will be
conducted to ❑inimize unexpected na:ural and artificial
radioactivities, and limits of radiations from the spacecraft that

reach the CRS have been included in the mission’s science
requirements document. It has been requested that cert~in
elemer,ts that are ●xcited by thermal neutrons, such as gadollnium



and samarium, not be used if possible and that an inventorv of

such materials and their amounts and positions in the spacecraft
be repor?ed.

The GRS will be mounted on a six meter h,;om to reduce hackgrollnds

from the spacecraft and ather instruments. The detector is
separated from the major electronics components. The electronic
components are packaged in the C~ncral Electronic Assembly (CEA).
By ❑ounting the CEA on the spacecraft the background from local
matter can be further reduced.

A cross section of the Mars Obsener GRS detector design is shown
in Figure 5. The gamma ray detector will be hpCe cooled bv a
passive radiator and surrn~nded by a plastic anticoincidence
shield to reject pulses produced in the hpGe by charged cos!nic-rav
particles, By including several weight percent of boron in Lhe
plastic scintillator, the anticoincidence shield can a

15
0 be used

to detect low energy (thermal and epithermal) neutrons The
orbital velocity of the Mars Observer spacecraft, 3.4 km/s, is
faster than that of a thermal neutron, so Lhe neu:ron counts in
the front, back, and side faces of the (;RS antlcoincidence shield
can be used as a Doppler filt

f~,~~ ‘distinguish
between thermal ilnd

epithermal neutrons from Mars Energetic (-1 MeV) neutrons
can be detected by the irregular-shaped Ge inelastic scattering
peaks (which have long tails at energies higher th f! the lnelast!~
gamma ray energy) that they produce in the spect:a .

While the Mars Observer GFIS Flight Investigation Tem will have
little control over the materials used in the spacecraft and other
instruments, strong restraints have been imposed on the GRS
instrument contractor relative to the materials that ❑ay be used

in construction. Testing for unintentjonn! radioactfvities and
elemental contamination in all materials used iIl the (XS
construction also is being carried out. An example of this
control program is preserlted to lllustrato the approach. uhllP
beryllium would be a good choic~ for buildjng the Instrument
(light and v~ry few cosmic-ray II]cluced gamma rays), the risk of
radioactive contaminations In ❑ ost commercially av~i~able
materials, which was observed in samples of herylllum, was
initially found to be too great to perintt their ~lse. Grapt’tte
epoxy is being seriously considered l“or some parts of the (;RS

structure, but we discovered an unaccpptnbly high conc~ntrntioi) [,t
chlorine in epoxy samples, Chlorine may he an jmpor:ant ol~m~lli
In Martian duricrust, and chlorine ~lso produces I)arkgrmllld I jllrs
In Important spectral reg{ons. Control WiIS ttlen impoq~(l (Ill tt),

Hrapr {Iv rpoxv matrrlnls nnd f’hlorllle-fr(.p mn!orlnls 111-o 11(1w
;Ivili lilt)] (, !+flllllilr 6}ff”oI”Is for (I)l;liilll)},, BCI w[ltl I(IW ,11.I i’.’lfv

Ilnv(* t)(\lJll lmpl(unPl, [ed, ,’Illd It L% })01 I(,VI*(I ltldf !)om(” mill III liIl I. 111,1’;

‘~oi)ll I)(* (’omm[’rc f a I 1 V ilViIl 1 al]l r
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